ABSTRACT To evaluate the efficacy of exercise training for increasing functional capacity in the 6 months after clinically uncomplicated myocardial infarction, 198 men 52 ± 9 years of age participated in a training study. They were randomly assigned to one of four exercise protocols: 8 to 26 weeks of training at home (group 1, n = 66) or in a group program (group 2, n = 61) following treadmill testing performed 3 weeks after infarction, treadmill testing at 3 weeks without subsequent training (group 3, n = 34), and treadmill testing for the first time at 26 weeks (control, n = 37). At 26 weeks functional capacity was significantly higher in patients training at home or in a group program than that in patients without training or in control patients: 8.1 ± 1.5, 8.5 ± 1.3, 7.5 1.8, and 7.0 ± 1.7 METs, respectively (p < .05 and p < .001). No significant differences in functional capacity were noted between patients training at home and those in a group program. No training-related complications occurred. Home and group training are equally effective in increasing functional capacity of low-risk patients after myocardial infarction. Circulation 70, No. 4, 645-649, 1984. EXERCISE TRAINING is commonly prescribed for the purpose of increasing functional capacity after myocardial infarction.t No previous study has adequately addressed the possibility that clinically lowrisk patients might safely undergo such exercise training at home -an option that is potentially less costly and more readily available than group programs. We have previously reported that group training significantly augments functional capacity between 3 and 11 weeks after clinically uncomplicated myocardial infarction.2 This study compares the efficacy of home and group training for augmenting functional capacity in the first 6 months after infarction. The patient pool consisted of 378 consecutive men 70 years old or younger. Of these, 151 were excluded because of conditions that precluded symptom-limited treadmill testing 3 weeks after infarction. These conditions included congestive heart failure, unstable angina pectoris, valvular heart disease, atrial fibrillation, bundle branch block, stroke, limiting orthopedic abnormalities, peripheral vascular disease, chronic obstructive pulmonary disease and obesity, a history of coronary artery bypass graft (CABG) surgery, reinfarction before testing, and intercurrent noncardiac illness.
EXERCISE TRAINING is commonly prescribed for the purpose of increasing functional capacity after myocardial infarction.t No previous study has adequately addressed the possibility that clinically lowrisk patients might safely undergo such exercise training at home -an option that is potentially less costly and more readily available than group programs. We have previously reported that group training significantly augments functional capacity between 3 and 11 weeks after clinically uncomplicated myocardial infarction.2 This study compares the efficacy of home and group training for augmenting functional capacity in the first 6 months after infarction.
Methods
Patients. Patients were hospitalized at Kaiser Permanente hospitals in Redwood City and Santa Clara, CA. Myocardial infarction was documented by the combination of characteristic elevation of serum creatine kinase or oxaloacetic transaminase, a history of prolonged chest pain consistent with myocardial infarction, and the appearance of new Q waves or evolutionary ST segment changes.
The patient pool consisted of 378 consecutive men 70 years old or younger. Of these, 151 were excluded because of conditions that precluded symptom-limited treadmill testing 3 weeks after infarction. These conditions included congestive heart failure, unstable angina pectoris, valvular heart disease, atrial fibrillation, bundle branch block, stroke, limiting orthopedic abnormalities, peripheral vascular disease, chronic obstructive pulmonary disease and obesity, a history of coronary artery bypass graft (CABG) surgery, reinfarction before testing, and intercurrent noncardiac illness.
The remaining 203 patients (54% of the original population) were considered eligible to undergo treadmill exercise testing 3 weeks after infarction. They were given one of four random assignments (figure 1): exercise testing 3 weeks after infarction followed by exercise training at home (group 1) Home training. Regimens of home and group exercise training were designed to provide a similar intensity and duration of exercise training. Home training consisted of stationary cycling for the 55 patients without exercise-induced angina at 3 weeks (whether or not they demonstrated ischemic ST segment depression) and walking for the 11 patients with exercise-induced angina at 3 weeks. Between weeks 3 and 11, patients trained for 30 min continuously 5 days per week within a range of heart rates from 70% to 85% of the peak heart rate attained on exercise testing at 3 weeks an average of 96 to 121 beats/min. Between 11 and 26 weeks, patients trained at heart rates from 70% to 85% of the peak heart rate at 1 phone to a recording unit in the program nurse's office. At prearranged times twice weekly, the program nurse telephoned patients at home to transmit their ECGs during 1 min of exercise while the patient was within the training heart rate range and 1 min of immediate recovery from exercise. Patients who trained by walking used a 6 inch step to increase their heart rates into the training range prior to transmission of ECGs.
No episodes of ventricular tachycardia or ischemic ST segment depression exceeding 0.2 mV were noted on these telephone ECG transmissions. No patient was withdrawn from home training because of exercise-induced premature ventricular complexes or ischemic ST segment depression. The average duration of these telephone calls including the 2 min required for transmission of the ECG was approximately 5 min.
Patients reported exercise training duration and intensity and peak heart rate on logs that were mailed to the program nurse every 2 weeks and reviewed with patients during the nurse's telephone calls. In the event that fl-blockers were prescribed after treadmill testing at 3 or 11 weeks, patients were instructed to train at their previously established exercise intensity as judged by their rating of perceived exertion. A similar procedure was used for adjusting the exercise training prescription of patients undergoing group training.
Of the 40 home training sessions prescribed between 3 and l 1 weeks and the 70 sessions prescribed between 11 and 26 weeks, patients reported completing an average of 36 (89%) and 50 (72%), respectively.
Group training. Two nurses or a nurse and a physician supervised 30 to 35 cardiac patients undergoing exercise training in a gymnasium. Group training consisted of three 1 hr sessions of walking/jogging per week. Patients regulated their training intensity by palpation of the radial or carotid pulse during the first 10 sec after brief cessation of walking or jogging. Of the 24 training sessions prescribed between 3 and 11 weeks and the 40 sessions prescribed between 11 and 26 weeks, patients attended an average of 20 (84%) and 28 (71 %), respectively.
Patients assigned to brief home or group training were not given any specific instructions for continuing exercise training past 11 weeks. Exercise cycles and heart rate monitors were returned by patients assigned to brief home training, and paid participation in the YMCArdiac Therapy Program was terminated for patients undergoing brief group training. None ferent among groups IA, lB, 2A, 2B, and 3 (42%, 32%, 13%, 31%, and 26%, respectively). Of 52 patients (32%) with treadmill-induced ventricular bigeminy or couplets at 3 weeks, none demonstrated ventricular tachycardia. No significant intergroup differences were noted.
The overall incidence of exercise-induced angina or ischemic ST segment depression at 26 weeks was 28% (45/160), without significant differences among groups IA, lB, 2A, 2B, 3, and 4 (35%, 28%, 12%, 31%, 32%, and 32%, respectively).
The incidence of treadmill ischemia was significantly (p < .03) higher in patients who experienced cardiac events or dropped out between 3 and 26 weeks than in those who completed the training study: 48% (10/21) and 43% (3/7) vs 24% (32/133). Similarly, patients with ischemic treadmill responses at 3 weeks experienced a greater incidence of cardiac events than those without ischemic responses: 21% (10/47) vs 10% (1 1/ 1 14) (p < .05).
Heart rate at a submaximal treadmill workload of 4 METs decreased significantly (p < .05) in all groups between 3 and 11 weeks, from 112 ± 16 to 104 ± 5 beats/min, but only slightly or not at all between 11 and 26 weeks (to 103 ± 14 beats/min; NS). Peak treadmill heart rate increased significantly (p < .05) in all groups between 3 and 1 1 weeks, from 138 ± 15 to 148 ± 17 beats/min, but only slightly or not at all between 11 and 26 weeks (to 150 ± 17 beats/min; NS). These changes in submaximal and peak heart rate were not significantly different between groups for either time period.
Changes in functional capacity. Functional capacity increased significantly between 3 and 11 weeks (p < .05) (figure 2). By 11 weeks the peak functional capacity of patients in groups 1 and 2 was higher than that of patients in group 3 (p < .05 and p < .001, respectively; figure 2). The peak functional capacity of patients in groups IA and 2A (extended training) was higher than that of group 3 patients at 26 weeks (p < .05) and was higher in patients undergoing training than in control patients (p < .001; figure 2) .
The increment in functional capacity measured between 3 and 26 weeks was not significantly greater for patients undergoing extended home or group training (groups 1 A and 2A) than for patients undergoing brief home or group training (groups lB and 2B): 2.1 ± 1.4 and 2.0 + 1.4 METs vs 1.8 ± 1.0 and 1.7 ± 1.3
METs, respectively. The increment in functional capacity of 1 The safety of exercise training in patients with ischemic heart disease is related not only to the intensity and duration of training and to the mode of monitoring but also to patient selection. The exclusion of patients with congestive heart failure, unstable angina pectoris, and other limiting cardiac conditions largely accounts for the low rate of cardiac events observed in this study: 1% mortality, 6% combined death and reinfarction, and 14% total cardiac events, nearly half of which were CABG surgery. Of the patients considered for this study, 54% were free of these conditions and underwent randomization, of whom 198 (98%) remained in the training study after exercise testing at 3 weeks. At 1 1 and 26 weeks, respectively, 179 and 160 patients remained in the study, representing 47% and 42% of the entire population of 378 consecutive men.
The results also underscore the importance of exercise testing for identifying high-risk patients soon after infarction: of the five patients excluded from participation in the training study because of serious limitations to their treadmill performance, four experienced subsequent cardiac events. Moreover, no training-related cardiac events were noted, despite the fact that 37% of patients undergoing home training and 23% of patients undergoing group training demonstrated treadmill-induced ischemic ST segment depression or angina pectoris 3 weeks after infarction.
A major rationale for medically supervised group programs of exercise training for patients with ischemic heart disease is to ensure safety. The brief transmissions of the ECG during home training were intended to enhance patient compliance and to detect exercise-induced ECG abnormalities that might preclude continued training. In fact, no patient was dropped from home training because of such abnormalities. It is noteworthy that patients who demonstrated ischemic ST segment depression exceeding 0.2 mV during symptom-limited treadmill testing did not exhibit this degree of ischemia on ECGs recorded during home training. Although "complex" premature ventricular complexes were often noted on the ECG transmissions, such exercise-induced ventricular ectopic activity appears to have little prognostic significance in clinically low-risk patients after infarction. 7 The risk of training-induced cardiac arrest is closely related to the intensity of exercise training. Hossack et al.8 noted that cardiac arrest tended to occur at heart rates exceeding the prescribed training intensity. Maintaining the heart rate within the prescribed training range is reliably accomplished by the use of portable monitors that alert patients to excessive heart rates.
The "risk exposure" of brief training in the present study (the cumulative hours during which a trainingrelated event might have occurred) was approximately 24 hr -only one-third that of extended training. Since the peak functional capacity increased little after 11 weeks, it appears that the risk benefit of brief training is greater than that of extended training.
Despite the support and encouragement provided by fellow participants and medical supervisory staff, nearly half of patients drop out of group exercise training programs within 6 months after infarction.9 In the present study the support and encouragement provided by telephone contact with the nurse appeared to be as effective as that provided by nurses in a group program in maintaining high-level patient compliance with exercise training. The reassurance provided by the use of heart rate and ECG-transmitting monitors may also have contributed to the high level of compliance with the home training protocol.
Our results suggest that of the 600,000 Americans who survive a myocardial infarction each year, as many as 47% or 280,000 may be capable of safely completing 3 months of home training -nearly five times the number of postinfarction patients currently undergoing group training.
